Mass loss occurs in Cr 2 O 3 when it is exposed to steam at 923 K for 0.5 Ms or 1.3 Ms. The presence of S at an impurity level of 23 ppm in the oxide suppresses the mass loss by about a half. For example, for the 0.5 Ms exposure, the mass loss is about 0.055% in pure Cr 2 O 3 but about 0.030% in S-doped Cr 2 O 3 . This result is related closely to our previous result that the existence of 50 ppm S in high Cr ferritic steels causes a tremendous improvement in the steam oxidation resistance at 923 K.
Introduction
In ultra super critical (USC) conditions of power plants, there is a trend of raising the steam temperature up to 923 K (650
• C). However, the use of ferritic steels at such high temperatures will accelerate steam oxidation even if there is a high Cr content in the steels (e.g., 10 mass% Cr). It was found that the presence of S at an impurity level leads to a tremendous improvement in the steam oxidation resistance of high Cr ferritic steels. 1) This phenomenon is probably related to the strong affinity between Cr atom and S atom. For example, when S segregates into the surface, Cr is also enriched on the surface.
2) As a result, Cr 2 O 3 is formed easily on the surface, resulting in good oxidation resistance for the steel in steam. On the other hand, Asteman et al. observed the mass loss of 304 L stainless steel when it was exposed to an O 2 and 10%H 2 O vapor mixed atmosphere at 873 K, and interpreted as due to the volatilization of CrO 2 (OH) 2 .
3)
The purpose of this work is to investigate whether the mass loss of pure Cr 2 O 3 occurs or not in steam at 923 K and also whether the S effect is still appreciable or not in the oxide.
Experimental Procedure
In this study, two kinds of oxides were prepared from 4N Cr 2 O 3 powder by sintering at 1473 K in air. One is pure Cr 2 O 3 and the other is Cr 2 O 3 doped with S at an impurity level. Their density and the S content level are listed in Table 1 . In case of the S-doped Cr 2 O 3 , prior to the sintering, 5N S In order to get reproducible oxidation data, two specimens were exposed to each test condition, i.e., to steam at 923 K for 0.5 Ms and for 1.3 Ms under 1013 hPa (1 atmospheric pressure). The system used for the steam oxidation test is shown schematically in Fig. 1 . After these oxidation tests, the mass change of each specimen was measured by using a precision balance with an accuracy of 0.1 mg or better.
Results and Discussion
In Fig. 2 the results of mass changes are shown for the two kinds of oxides. To test the reproducibility, two data are shown in the figure for each condition. There is reasonable agreement between them, indicating that the data are well reproducible in the present oxidation experiment, although the magnitudes of the mass changes are very small. Both kinds of oxides exhibit the mass losses. However, the S-doped Cr 2 O 3 shows obviously smaller mass losses than the pure Cr 2 O 3 . This result indicates clearly that the presence of S at an impurity level in Cr 2 O 3 suppresses the mass loss in the steam atmosphere, although the mechanism is not clear at the moment.
In general, it is known that volatile Cr oxide, i.e. CrO 3 , is formed at temperatures above 1400 K in air by the following reaction,
In the present experiment, however, the test temperature was much lower than this temperature for the CrO 3 formation. Then it seems unlikely that the experimental result shown in Fig. 2 is caused by the formation of CrO 3 oxide. For comparison with the oxidation test in steam, an oxidation test in air was carried out at 1473 K for 0.36 Ms. The result is shown in Fig. 3 . In this case the mass loss is 0.227% for the S doped Cr 2 O 3 , and 0.182% for the pure Cr 2 O 3 . Thus, the presence of S in the oxide enhances the oxidation in air. It is apparent that there are opposite S effects operating on the oxidation between in-air and in-steam. Therefore, it is supposed that S has a role in suppressing the mass loss of Cr 2 O 3 in steam, or in the presence of H or OH molecule. As explained earlier, Asteman et al. have observed the mass loss of an austenitic steel after the exposure to the mixed atmosphere, O 2 + 10%H 2 O, at 873 K for 1.44 Ms, and pointed out a possibility of the formation of volatile CrO 2 (OH) 2 on the surface of the steel in such a condition.
3) Recently, we have reported that the presence of S at an impurity level in ferritic steels improves significantly the steam oxidation resistance at 923 K for 3.6 Ms.
1) It is likely that this improvement is strongly related to the experimental results obtained in this study.
Conclusion
A mass loss of Cr 2 O 3 was detected to occur in steam atmosphere even at 923 K. Also, it was found firstly that the presence of S at an impurity level suppresses the mass loss of Cr 2 O 3 . These results are probably associated with our previous finding that the existence of 50 ppm S in high Cr ferritic steels causes a tremendous improvement of the steam oxidation resistance at 923 K.
